Abstract: A new method for the validity analysis of nonlinear transistor models is presented based on DCand small-signal S-parameter measurements and realistic consideration of the measurement and de-embedding errors and singularities of the small-signal equivalent circuit. As an example, some analysis results for an extended Gummel Poon model are presented in the case of a UHF bipolar power transistor.
INTRODUCTION
New systems concepts such as coding and modulation schemes together with the need of circuit integration of the modem telecommunication systems require more accurate nonlinear circuit modelling for the transistors in the power stages. The bipolar transistor models available in commercial simulation programs may not be adequate to predict the system behaviour. For improving and modifying the models, new model validation tools are needed. A good model should follow all the measured data within the measurement tolerances, and it should have minimum complexity and well defined parameters.
Recently, an efficient method has been presented for evaluating the small-signal parameter uncertainties caused by scattering parameter measurement errors and model singularities /1/. This information can be efficiently used for nonlinear model validation as well.
In the present study, this method has been used to test the validity of the extended Gummel-Poon model used in many simulation programs (as SPICE or APLAC 15/). The new aspect in this modelling scheme is the realistic consideration of the measurement and paramerter estimation errors and the possibility to minimize the model complexity according to the quality of the measured data. Furthermore, the tolerance information may be utilized to evaluate the reliability limits of the final circuit design. It may also give an early warning of the need of more detailed and accurate characterization measurements and modelling.
TOLERANCE ANALYSIS BY SINGULAR VALUE DECOMPOSITION /1/
The basic concept of the small signal model extraction is to utilize network analyzer uncertainty data as a measure for the quality of the result. If a proposed model gives responses which differ more from the measured data than indicated by the uncertainties, the model can not provide reliable parameter values and a better one should be found. If, on the other hand, the model is acceptable, uncertainty data are further used to estimate the expected parameter deviations and their correlations. From these figures, it is possible to identify components in the model which are superfluous and should be discarded, because their inaccuracies may transfer to parameters which otherwise could be more precisely found.
The basic theory of the method is described in /2/. Briefly, the technique is to fit the model function M(p) of the parameter array p of n parameters p, i=..I n, using the objective function
Here m is the number of measured data components Si, M(pJi and ui represent the measured data (here S-parameters) value, the model response and the corresponding 99.9 % measurement uncertainty tolerance, respectively. In the ideal case with normally distributed and uncorrelated measurement errors, the optimal set of parameters should bring the error down to about Emm= 0.3. Larger error indicates either poor model topology or problems in measurements. Applying the singular value decomposition techniques /2/ to the sensitivity matrix of the model, A = {a} = {p/(aM(p)i/dp)/(u,Jm)} yields
U is a mxn and V a nxn orthonormal matrix. In the n-dimensional parameter space the error surface E = const. is an ellipsoid with principal axes along the column vectors of the orthonormal matrix V. rnVV -n kal § V11j
The equation shows that small singular values contribute large deviations to the parameters upon which they are projected through the rows of V. Table   1 . The forward transit time as well as the encapsulation parameters were left to be adjusted on the basis of the small signal equivalent circuit. 
SMALL SIGNAL PARAMETER EXTRACTION
The small-signal scattering parameters were measured by an automatic network analyzer (HP8753C) using a transistor fixture (HP1 1608A). The bias conditions of these measurements are shown in Table 2 . The measurement uncertainties were estimated on the basis of the instrument data. 
ADJUSTMENT OF SOME GUMMEL-POON MODEL PARAMETERS
The most important contribution from the small-signal model to large-signal modelling is the correct topology of both the encapsulation parasitics and the details of the base region. The major encapsulation parameters in Table 3 show relatively good consistency. The temperature dependence of the series inductances is caused by calibration offset, while the low and high temperature measurements were made using room temperature calibration.
One of the modelling difficulties of bipolar transistors is the division of the base-collector capacitance to the active and base-collector overlay parts. In this case, the parameter values of Table 3 0.
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